Synopsis

Introduction
Crystalline orientation in polymers can be estimated by X-ray technique, no matter how complicated the types of orientation may be. However, it had been very difficult to study the "types" of molecular orientation in non-crystalline region in polymers, before Nishijima')-4) developed the fluorescence method. Birefringence and dichroism are based on the second moment of molecular anisotropy and they give information about the degree of orientation, if the type of orientation is known or assumed. Since the fluorescence method is concerned with the fourth moment of molecular anisotropy, it gives information, if not the perfect one, about both the types and degree of orientation.
In this paper, a brief comment is made on the theoretical aspect of the fluorescence method for the study of molecular orientation in fibers. Then the apparatus, specially devised for the simultaneous measurement of stress and fluorescence of fibers, is illustrated, with several examples of the estimation of molecular orientation in polymer films and fibers.
Principle
and theory of the fluorescence method for the study of molecular orientation in fibers.
1 Types of orientation.
For the fibers of perfectly round cross sections, only the uniaxial types of orientation are to be considered together with the random orientation.
Some typical types of orientation are illustrated in Fig. 1 . The first one is the random orientation and the second is the conical orientation which includes, as the extreme cases, the linear orienta tion and the planar orientation. There exist of course intermediate types of orientation, but they can be approximated by the superposition of the typical types of orientation. (d) The molecular axis of the fluorescent mol ecule aligns parallel to the chain axis of the neigh boring segments of the polymer molecules. (This will be discussed experimentally in the future paper.) (e) The fluorescent molecules in the system are irradiated with a monochromatic linearly pol arized light whose electric vector is in the direction of vector P1, and the fluorescence light is observed through an analyzer whose transmission axis is in the direction of vector P2.
(f) Variation of the characteristics of polarized light by the effect of scattering andi birefringence is neglected in the first place. The effect of bire fringence will be discussed qualitatively later. cos,e-cosy cos 77-sin r sin 72 sin (C-0G)
where a and R are the angles between F and P,, and F and P2, respectively.
3. 2 General expression of polarized components of fluorescence intensity.
If the number of the fluorescent molecules which are in particular direction (r7, C) is supposed to be N(riC), then we have :
where Nt is the total number of the molecules.
The relative fluorescence intensity (Iy) observed by the, above optical system is written in the form :
where K and 0 relate the maximum absorption probability and quantum yield respectively. 2. 3. 3. Polarized components of fluorescence intensity for the typical types of orientation.
(a) Random orientation. From eq. 3 we have for the random type of orientation : (4) where Nr is the total number of the fluorescent molecules which take this type of orientation
Combining equations 1 and 4 with eq. 3 and integrating, we have finally: 
where x is the distance from the film surface, v the angle between the direction of the largest principal index of refraction (n1) and the molecular axis of a fluorescent molecule (F), r the angle between n, and P, or P2, and a and b are defined by the equations : 
where From these discussions it is easily understood that the orientation patterns must be carefully interpreted when the specimen has large degree of birefringence and its non-crystalline orienta tion is nearly random. Fortunately, however, such cases are rarely encountered in the usual fibers such as polyamide fibers on which we will discuss in the future papers.
For the purpose of our study, it is sufficient to discuss only about the relative change of orientation patterns in connection with the various treatment, taking into account the change of birefringence. recorder. The length of the specimen can be read directly from outside of the sample box as precisely as 0.1 mm. Through a filter (F,) and a polarizer (P) monochromatic linearly polarized light is irradiated on the . specimen. Then, through an analyzer (P2), a filter (F2) and a micros cope system (L2), polarized components of fluorescence intensity are measured by a photomul tiplier (PM) which is connected with an amplifier and a recorder. Nitrogen gas of controlled moisture content is introduced from a gas inlet (G), and the temperature in the sample box is controlled with an electric heater (E). By circulating cold water through water jackets (W)
heat transfer from the sample box to the other parts of the apparatus is eliminated. The fluctuation of the light source (S) is watched by a photocell (PC) connected with an ammeter. Fig. 4 gives the whole view of the apparatus. 4 . Examples of molecular orientation in films and fibers
Fluorescent molecules').
Several fluorescent molecules useful for the estimation of molecular orientation in polymers are shown in Fig. 5 . Polyamide, polyester and polyacrylonitrile fibers can be dyed by some of these fluorescent molecules.
4. 2 Orientation patterns for various polymer specimens. qualitatively, however, experimental and theoretical curves coincide fairly well. ((a), and nylon-6 film drawn 400%/.'(C)). 
